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A~TQ ~OD3 POE REAL-T~ ANALYSIS OF
S?WT-YUEL mis~ IMTA*

G. E. Bosler, P. M. Rinard, S. F. Klost@rbuar, and J. Painter

Los Alano8 National kboratory

Loa Alamo, M 87945 USA

:oftwar@ has baan davalopad for “r~l-tin”
●nalysis of neutron ●nd S- data from CMND-l/
fork na.suromants on spent-fual asshlios. Thr~
-U1OS C-C* tho softwaro pachgo. Tm *-
Ulea ●. linked through ● datsbasa syst~ of
fi ‘.@s.

Th9 first -u1O in part of ● gonoral data-
baa~ procwaing cod~. This tiulo prepares input
data filsa with inventory ●nd correction-factor
infol~tion for tho sacond =dulo.

TIM ●scend wdulo, callad OLAF, oparatoa on
a cqtor ●ttachad to tho GRAND-1 .loctronic#
unit. In this second mdulo, neutron and g-
data froa spant-fual ●aa@liQa ●m analysad to
wrify comistcncy in tk facility opgrator docla-
ra~iona for ●xposuro (burnup) and cmli~ tin.
From ttm analysifi, ~tontlal discr~pancias in tho
nasurmmnt data ●. qumtionod whila ●qui~nt
is still inatallod at tha facility ●nd ia avalla-
bla for ●dditional mamm~-nta.

Du:hig the m@acurornntt, data ●ra written to
●n output fil~, call~d a raaults file, which can
ba proccosod by th~ third -dulo of th~ softwara
packaca. In tho third mdulo, print~d ro~rts
Smrisins tho data ●nd rasulta ●ra prcparod,
and neutron ●nd gama data arc writtan to files
that ●ro procms,d by tho Ming cunfo-flttitq
codo.

T’WI GRAND-1/fork dotcctor Oyct-, shown in
Fig, 1, has b-on dwalopod for rnamuring neutron
and g- radiation froa spent-fual sss~lics.
Such risa~urrnnto #r@ typically mda on fwl
●smbllaa in storage rack- St reactor facill-
tla. Tho data ●a uaad to vtrify conoistmcy in
operator-daclar~d information ●bout the ●pent-
fual afisamblioa, Uhon masurmmtt am udo, tho
fork dctgctor tuapwidad ‘1 ❑ ●bova tho ●toraga
rack with otctlona of pip-, ●s shown in ~i~. 2.
Tho assembly to ba -saurad is partially raised

Work auppor{sd by the U.S. Ocpartmant of tnar~y,
Offlca of Safosuards ●nd Security ●id by POTM.

Fig. 1. GRAND-1 ●lactronics unit and fork d@tcc-
tcm h-ad. A Toohiba T11OO+ cmputar is sitting
on top of tht GRAND-1. Both tho GRAND-1 ●nd tho
Toshiba can b. opratod with sc powor or on lntor-
nal battcrim.

fra tha rack, and tho tlnca of tho fork ●a
mneunrad into position surrounding tho ●mmbly
with tha back ~CC of tho fork in contmct with
tho a~~~~y.

Th@ro ●ra two fission c~ars for neutron
mam,w~to and an ion chsmhr for groaa-gm
maamromants in Qach tin.. Cabl@s in the pips
mctioru connoct tho dct~ctor haad to tho QRAND-1
sloctronlca unit, which is gonorally located on
the stora~o pond bridta. TIM nwtron ●id g-
data art coll~ctad Oimltanaou#ly by th@ GRAND-1.
Data collection times am typically 30-60 s par
•sm~ly d@p@nding on th~ mutron ●ctivity. To-
tal tin for ~a:h ●csadl; ia ●pproxiaatoly 5-9
●lnutaa, with bridao mnd fu~l iundlinc oparationm
taking tha mjority of tiia“in.

TIM GMND-1/fork ●quipmnt is oftm used in
radiation ar~as of fmciljti~[c ●nd thar@foro radia-
tion protection procoduroo ~ra raqulrod. In most
faciliti~s, paoplt workin~ m the bridte w~ar
snticuntuination clothint imc]udlng 1-2 pairs of
~lov~n. Often tha GRAND-1 #(Id oth~r ●loctrlc com-
~nants ●ra wrappad in plautic for protection.
Und@r thcsa conditiorm, interaction with ●quip-
mant that raquir~a ●xtansiva button-pushing or
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Fig. 2 Schamtic dia~ram showing how tht CMND-1/
fork aystaa is uaad for inking nautron ●nd gross-

ga -amxomenta on apant-fual ancadlioa. For
tho maaauromanta, tha dotoctor is swpandod frm
the bridg~ and movod into position aroumd s par-

tially withdrawm •as~ly. TIM G-l and tha
Toshiba ●rc Sonorally umd on the bridge, but
could be uaod in a location off tho bridge.

kayscrskos would bc difficult, becauaa tha glo~a
and plaatic would -k. such lntaractions cdor-

80-. As ● result, in the past, data collection
has bean ch~ only activity typically parformad on
tha bridga. M shotm in Fig. 3, th~ro havo bam
citl~tions whcra probabl@ maasuramnt crrora
occurr~d. Them war. not dococtad until ●fter ●

full dsta ●nalysis w~ dono bacmaa tht data
●nalysis occurrod ●ftm tha ●qui~nt was romvod
fron the facility. Romamrcmnts woro not possi-
bla ●nd tht probabla mamuromnt ●rrora could not
bc confimd or corractad.
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Fig. 3. Cro88-ga#aa maasurament data. Tlm solid
lirm through tho data 18 a curve fitted to the
function, GE ■ ● @ (p. 6). Tbo dashed linoa ●ra

10% variatiom from the fittad curve in the y (or
in this caso GE) variabla. Tho two data points
b~low tha lowar dashed lina (wasurment on
●sa-ly 1C51 by team B amd tho ~asurement on
●ssa&ly 1B1O) roprasant data with known
maauranant ●rrore.

obtain mro infomtbn ●bout tho assembly ●nd to
●liminata -aauraanta ●rrors ●s a poasibla source
of tha difficulty.

W hava now dovelopad techniquaa for ●uto-
mtod data analysia during :h@ Daasurmante. In
tha naw ●ystm, naauranntm with tha GIAND-1/fork
systu,are controlled by a cmputor ●ttached to
tha QMNW1. Wftwar@ csllod tha Qn-&ino @aly-
ais of Spamt Ew1 (OW) controls tha masurmant
procodur~s and-amalysaa ●ach oat of data ●s it La
colloctod. OW #snd# c~a to tho CRAND-1
●nd rocaiv~s data through the M-i32 interface.
ItI- eoftwaro haa bean daigmd to ❑inimise tho
n@or of uaor intgractlon kgyatrokaa becaus- of
th~ potential difficulty in op@rating tha ●qu:p-

mnt through plastic while wearing glovm.

Tho comp,eto aoftwsre ●ystom, of which OLAF
is onc of three modulos, includaa an input mod-
UIQ, which pr~pares data for OLAF, ●nd ●n output
wdule for post procassins masuramant data from
Ow. A cods, call-d CINUIR-PC, is called from
tho input mdul~. ~I~BR-pC i~ ●n IBM-PC version
of the CINDER-3 codo (on@ of tha CINDERaerias of
codool-4). In the input mdulo, CINDER-PC calcu-
lates neutron source rato correction factors for
2&hCm and correction factora for differoncei in
tha neutron saurce rat. that ●rs dua to varia-
tlona in tha initial 235U ●nricbmant in the

fuel. Tha correction factors, whm available,
arm ueed by OIAF.
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The ●tructum of the software system is
shown in Fig. k. CodQ =dules aro linked through
dBASE III Pluem databaae files or ASCII fornut
Eilos. Tho varioua types of filaa ueod in ttm
ayatem and tho corraaponding WS ●xtenaiona ●re
idmtified in Table I. All mdulea operate on
IBM-PC computers or coapetibles using an IS-DOS
operatitq ayatam.

Tho input processing m3dule prepares dsta
for tha OMY ~dule. Tlwre ara two pathe that
can be U.ead for praparing OLAY input: with or
without correction factora.

Wthut Corr,ctian ?Utorsr In tho “with-
out” correction factor rode, the input mdulo pro-
c*saCa a detabua file with spent-fuel invootory
data ●nd, from this inforntioa, creatce an a8a~
bly infomtion file (*.ASB) file. Separate in-
ventory databaae files comtain informtioo for
each iodir~iduel storage baain. Ooca en Invmtory
filo has bean created, data in tho fila only
chengc when fual has boon dlacharcad from the
core, whom fual is rotwod to ths core, or wtmn

Fig. 4 Code structuro diagram. TM Pechga in-
cludms three baaic mduloc: the input proc~saing
-dula, the OIAY Uodulc, and the output procom-
ing mdulo. The input ●nd output mduloa aro
both part of tho data procecains Mule bubbl~
that h dtown. Ilm -dulca ●ra linked by vsrioue
databuo and ASCII data filem. TIM CINDER-PC
cod. 1s ueed in tho input mdule to cmlculate cor-

t.d frm % and for neut;fluso:::cmy:a due
roction f tora for th fraction of noutrona emit-

to variations in initial Tm
OIAF mdule controls meuurmnts mdc with the
GRAND-1 ●nd analyaes maauremnt data ●a they are
collocted.

fuel la roved to ● different location in the stor-
age basin.

To ●xecute the input mdule, the user 1s
prompted to identify the facility. (Generally,

the rum of the r~actor facility ia used as tha
name for the inventory file ●nd for the *.ASB
file.) A library file containing information
about existing data files ia checked and if the
inventory file exiata, it ia proceaaed to create
the *.ASB file. If an inventory file doea not
●xist for ● particular facility, the user ia
proapted for input to create thn inventory file
fro= which the *.ASB filo !e then created.

Info-tion for ●mch ●aembly that is writ-
ten from the invantory file to the *.ABB file in-
cludoe the operator-declared burnup (exposure)*

tha date tha ●taedly was diedtarged from the
core, tho ●ssdly ID or eerial numlmr, the loca-
tion of tha US*lY in the storage pool, &nd ●n

idontifiar indicating durinB which refueling
cycles the ●aeeebly wu in tha core. me ●.MB

filo ia ●n ASCII fila road directly by OLAF. TM
gomeral ●.ASB file structure Lncludoa correction
factot data, but for this ~th (without), ●ll cor-
rection factor data are sat to unity.

with corTa mm ?Mtarq. For tha “with” cor-
rection factor path, an S.ASB fil. is created
with corractioo factor data. Data from three dif-
ferent types of databem filaa ●re required for
●ach facility. Inventory dsta ●re taken from tha
inventory data file, raector design info-tlon
is taken from the RMC’TOM.DBF file, ●nd power
history infomution ccna fra ● pwer history
data fila. The ●tructum of tha inventory file
b- been deocribod above for the “without” path.

The RIACTORS.DBF is a library-type file con-
taining basic iafomtioa ●bout all facilitlea
for which data hava been armored into the data-
bue ●yat-. Buic duign info-tion for tha
apocific rmctora is obtai

9
frm the 1987 Uorld

Nuclur Idtetry Eandbook. RLACTORS.DBF sleo
contains the -s of uiatlng inventory ●nd POW-

●r history files for the facility.

Power history film contain operating infor-
~tion ●bout reactors. In these filee, refueling
cycles ●ro divided into constant-power time atepo.
Each tin etap ia ● s~parat~ record with the dura-
tion ●ntared in daya ●d the power ●ntered ●s the
nat ●lQctric output.

The ●au inventory information la Written
froa the invmtory file to tho ●.MB file ●m in
the “without” path. For the “with” path, the CIN-
DBR-PC codo 1s ●utomatically ●%acuted to calcu-
late corr~ction faetora. The reactor doeign
inforution ●nd powar history info-tion arg
noodod by CINDER-PC (daocribed below), [f the
data fil~a or the doaign lnfomation do not ●x-
iat, the umr la prompted to ●nter t!le appropri-
ate data before ●n ●.MB file with correction fsc-
ior informecion can be created.

%domrk of tihton-Tate.



TABLE I

FILES USED BY VARIOUS MDULES IN SPENT-NEL DATA pR~EsSING CODES

Hodule

INPUT
(including
CXNDLR-PC )

OLAF

OUTPUT

File
Description

Spent-Fuel Aasombly Inventory Data
Reactor Power History Data
REACTORS- Library Infomtion
Aaambly Info-tion Filo

Aaaadly Info-tion File
tleaaurmt Raaults Fila
~1 -ry Dump Fil@
Axial Profile Heawramt File
Satup Parauters Filo
Sete9n Driver File

~amirennt Reaulta File

Types Inputb
of or

File output

DB Both
DB Both
DB Both

Asc output

ABC Input
Both

Asc output
Asc output

Input
Bin Input

ABC Input
ABC output

output
DB output

?FilQ types, DB - Databasa, ABC - ASCII fomt, Bin - Binary fomt
bFilo ia-us~d for Inmc, Output, or ~ by tho ~dulo.

CX-PC . CINOKR-PC calculates ●cti-
nide isotopic production and doplotion for f 1
mttrialt fra Lnfo-tiou ●bout initial 2!4

fwl aurichmnt, the reactor po~r history, and
reactor dasign paruetarg. TIM calculated isotop-
ic info~tion is c~inad with neutron yield
data for the individ~l isotopes to determine the
fractioo of the total neutroo aourco that ia amit-
tad fra 2%. The 2%9 fractioa ia datgrmimd
u ● fuactioo of coollnB tin for ●aeh aasdly.

Th4 CINDER-PC c~o ●lso Calculates ● correc-
tion f ctor for ●ffacta caueed by different ini-
tial 23% anricbta and writes this factor to
the ●.ABB fila, Uith tba two corractim factors,
data with diffaront initial onric~ts and with
dlffcront operating historioa can ba ●djuated to
fit on the s- cum for data ●nalysis.

Tha 2&&Cmcorrocthn factor data are gener-
●tWi for wary ●ase~ly in tho inventory.DBF
file. In CINDER-PC, throo exposur. (bumUp) l@v-
;j~ ●re calculated for each uoique sot of initial

U ●nricknt ●nd irradiation history, ~ shown
in Fig. 5. Tho fir-t calculation dotominoa the
●xpmura from the ●nrago ~war density info_-
tioa, which WAS calculated fr~ the ~wer history
fil~. Th@ mcond ●nd third calculmtlons ara mdo
with ths power dansity mltipllod by 0.8 and 1.2,
roa~ctinly. Raaults of tho calculatlona for
●ach uniquo sot of paraut~rs ●re written to ●

t~rary disk fll.. TM correction factor curw
●s ● function of cooli~ tlrn is ~meratod from
th~ tamporary file data by ualng the oparator-
daclarod ●x~auro ●nd lntorpolating botwosn the

I
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Fig. 3. Curiw2bb correction-factor data calcu-
lated in tho CINDRR-PC code. Thrac separate
Cumea (tha three .Qts of data points in tha fig-
ure) m. calculated by IND2R-PC for unique powar

5historic. and iaitial 2 ‘U ●nricheents. ‘rho sol-
id line is the curve for the pradictod coolin~-
tim+apendgut correction factora for ● spaclflc

Ss#ombly. Tho c- ia d.temincd by using the
oparator-dgclared ●xpoaura ●nd Lntarpolatina be-
tw.on the thr~e oota of calculated data at each
cooli~-tin point. TM interpolated data are fit
to third-order pol~mlala for the three ranges

shown in tha figure, rewltlns in the so~id curve.



data obtained from tha thrao calculations. The
intcrpolatad data ●ra divided into three ranges,

●n shown in Fig. 5, and each data ●et in each
ran~o is fit to a third-order pol~omial of tha
fom

CF= ~ + ●l (CT) +a2(CT)2 + ●3(CT)3 ,

whore CF is tho 244CM correction factor; CT is
coolins time; ●nd ao, ●l, ●z, and ●3 arc cocffi-
cianta. TbQ rg~ulting cume frtm fitti~ the
interpolated dsta for one operator+aclarod bum-
up ia ●hewn in Fig. 5. Th9 fit c-fficieats for
th, thr~e data rang~s ●ro glvm in Tabla II. TIIO
fit coefficients ar~ writtea alonB with the inven-
tory data and tho ●nrichwnt correction factors
to the ●.ABB file.

Tho coda storca information ●bout tha tampo-
rary filoa and procaeaos them files for othor ●s-
e-lioa that k- tha ●m initial 235U 8orich-
mt utd irradiation history. Now Calculatiooa
●ra naaded only wimn the initial ●nrichmnt and
lrradiatioa history differ from data for prWi-
oualy ~ratod t~rary files. Thic method
greatly reduces tha cmti~ tin by ●liminatin#
redundant calculatiana. Sine@ correction factors
●m eatmed aa ● fuactha of c~ling tin, data
for the individual aaa-lies in the ●.AOB file
n~od to ba recalculated only when th ltradiatht
histo~ ctmagos, for .-1., when tha aaadly
is returned to the cora for ●dditloual cyclcm.

Tho OLAYmdulo controle th~ GRAN&l and aaa-
Lysds rnaaurmnt data. [n the racmadod WC
af oparation, inventory and corrcctioa factor
lata ●rc road fr~ ●n ●.ASB fih that baa ham
proparod through the input procoaei~ mdula.
itmn a naauronnt io being -do, OW proqto
Lha uaor to enter tha ID of the aaeedly bai~
maaurod . ha tha data contained in the ●.#2B
!ila, OW rctrloves the inmtory lnfomtiaa
Kid correction factor coefficianto for the WOci-
!icd USdl~. TM cooling tin id dotormioed
!ram the diachsrgo date, which is part of tha

information in the ●.ASB file, and from the meaa-

uremnt date, which la either the date the meas-
ure~nta ●re being made or ● date entered by the
user. A 24&Cm corr~ction factor is then calcu-
lated from the cooli~ the ●nd polynomial curves
using tha ●ppropriate coefficients. Tlm correc-
tion factor for initial enricmnt 1s read direct-
ly Eros tho *.ABB file. Aa measurement data are
colloctod, the neutron data ●re ad+uated with the
corractiou factors. TIM inventory dmta, correc-
t ion factor data, corroc:ed data, and original
mamrennt data ●re written to a rnaaurement re-
aulta filo (*.ML) in ABCII fo~t.

If ~ ●.MB fih does not exiet or if data
for an individual ●sae-bly do not exiet, OLAF
will pr~t for tht nacosaary information includ-
ing correction factora. If correction factore
●re not avxilabla, unity is wead for both correc-
tion factore, and nasurewnt data ●re not ad-
jueted. This MO of input ie not roco~nded ●

the noml mda of operation on tho ●torage pond
bridgo becauao it rcquiroa my keystrokes in a
difficult ecivi~at. It also roquiroe having
mch info-tion, which ifi othontisa etored in
th~ ●.ASB filo ~ is tranaparont to tho ua~r,
●vailablo on the bridge duriag the rnaaurennta.

Corractad aautron data ●ra amlycod in OLAY
by fitting tho data to ● curve of the form

Whore CR is Ehe corractod neutron count rate, E
is the operator+aclarod expoaurc, and a ●nd ~
ar, the fit coefficients. Typically. the power
of the curve, ~, haa ● value in tho range 3-4.
tich data point is c
~~mtlicrcrltcr~rod ‘o ‘~ fitt.d Cumis ●pplhd for determin-
i~ inconaiatant data. A plot of tha data and
fit curve, u ●hewn in Fig. 6, la displayed 00
the mltor of tha cgtor. In the display,
outliare ●ra conveaiontly idmtified to the user
so that mm ●cCion ●ight ha taken to rcaolve tha
diacro~cioo.

TABLS II

FIT COCFYICI~ FO~ COOLIM TI~ W 26% FRACTION CURVE

0-330 daye 0.43030

530-M60 daye 0.h5396

1460-3650 days 0.9bbM

Cocfficienta
●l ●z a~

——

1.0533 x 10-3 -2.2627 X 10-7 -5.0824 x 10-10

1.1662 X 10-] -9.1504 x 10-’ 2.4192 x 10-10

2.0264 x 10-~ -1.0412 x 10-8 lolsaa x 10-12
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?ic. 6. Typical nautron curva diaplayad by OLAY.
Tha eroa~ hairs indicata tba position of tba cur-
rent w~t. Prwioua data ●rc ●lao sbnun
aa plu Spls. Aftar ●ach naaurannt, tb~ data
●ra fit to ● calibration curva, d an outlhr
criteria i- appliad to datomina ~ =11 tba
data cqr~ to tha cdibrat ion curva. Outl iors

-Q ituJlcatad with ● aquarc s-l on tha plot.
Th IM of my outliara ●ra lhtad” io tba uppar
ri@t comar of tha dhpla~. ma fit cooffi-
ciaata ●rc disphyod ●t tha bottm of tho scrom.

W groaa-~ data arc Similarly ●na-
ly8ad . In this caao, a parantor, which is tho
g~ roadi~ f- tha C-l dividad by tho op-
●rator40clarod cxpomra, is fit ●s ● pow; f unc-
tion of the cooliq tin, that ia,

wham GE is tho g- roadi~/qmrc, T ia tha
cooliLu t~, and ● and b ●;. fit coofficicnta.
TM powar of tha fit furutiou is typically in tha
r- of -0.8 to -L.C. A plot of tbase data, u
sham in Fig. 7, is ●l-o dioplayed to tha user.
An outlier critaria is also ●pplied to tho g-
data to indic~t~ inconaiatanciac.

In the wont that ●ny outllara (neutron, g-
M, or both) ara idontificd, po~aibla -iats
actbma ar~ ouggaatsd to tha user. Thasc ●c t ions
lncludo ch~cklng the ID of tho •sa~~y and vari-
fyiag that tha oparator-d~clarod data hava baan
transcribed correctly, :anasu?i~,g tha •sc~ly,
uk!n~ ● maaourrnnt with tha fork rotatod W“,
or ma&surin# tha axial profila of tho ●csambly.
Furth@r wlysis of tha outlhr ■ight b. n~odod
●t ● later data if tho abova ●ctions do not ro-
Solva tha imua. Ilowavar, at ltast tha corroct -
noaa of tho moaauramant data would ba con flrwd.
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Ma. 7. Typical groaa-srn curva displayed by

Ow. Thacroaa bir8 indicato tha position of
tha currant maauramnt. Provioua data ●m also
tbown as plus ssls. Aftm U13 rnaaura-nt,
tha data am fit to ● calibration curve, ●nd an
outlicr criteria is ●ppliad to dotomina how wall
tba data C-O to tha calibration curvQ.
Outliora aro hdlcatad with ● squaro ●~ol on
tha plot. Iha IDa of any outliors •r~ liatod in
tha uppr right co-r of tha diaphy. ma fit
co@fficiants ●ro displayad ●t tha bottom of tho
ccroan.

Ttm OW mdule croatao thraa typaa of ASCII
data filcol

●.RSL naaurmt rcwlts fila,
●.m GS.AND-l rnry d- fila, ●nd
●.SCN axial profilo namtramant file.

After ●mh muura9nto tha wurrnnt data ●nd
invautory data ara -ittan to an ●.ML filo aa
pravioualy dascribad. This fila can ba procaasad
by tha output ~ulo or it can ba mad back into
OW for furthar d4ta arulysia.

Durins ● rnasur-nt c~isn, data for ●ach
maauramnt ●ra ●torad intcmally in tha nonvola-
tile ~ry of tba GMND-l bit. hi option is
●vailablo in OW for tranaforring tha GRAND-1
wry data to ● disk fila (*. MP). Anoth@r op-

tion ●vailablo h OIAY allow- for -king ● seri~s
of rnamramnts ●t diffarmt a=ial poaitiona on
●n ●m~ly. Data from tham axial profile maas -
urannt~ ●rc written to an ●.SCN fila.

outmlt mdulq

I’M output mdulc is ●n option ●vailable
throu#h tha gmoral dSA8C 111 data processing
pac kaga. Tha mdulo roads aaaturomwnt results
fila (*. RSL) from OLAP and writaa corresponding
databafia filco. Fr- tha databaac files, options
can b. aolactod for Printing ~~rizad ‘esulCs
and for writi~ ASCII data films with ●ppropriate
naut ron ●nd s- data, *.NEU ●nd ●.GM. The



●.NEU ●nd ●.GAM files can be processed directly
by the 0e91rLB c~Lve-fitting code.7

The input ●nd output mdulas aro written and
c~iled in CLIPPEE” lamguagc, which is an indo-
pendont ●pplication of tha dBASE III programing
lmg8 . Tho input ad output modulee are part
of ● ●ingle axecutabla code that can be run on
any ISH-PC or cmpatiblc computer. The caputar
should have at leaat t- separate diek drives—
tither two floppy drives or Ono turd disk and on.
flOppy disk. TM proceaaor cod. requirem approxi-
mately 210 kbytee of -ry for execution. If
21NDER-PC is uecutad, then 640 kbytos of ~ry
1s required. Usually, the input amd output --
Jloa auLd be executed in a nonradiation ●rea of
:ho facility or outsldo the facility ●ntirely. A
mintsr wuld be used in this application to ob-
:ain a aary of tho data amd rmults.

CINVCR-PC is vrittea in FORW-77 amd cxe-
:utee on any IBH-PC or c~tiblo cqtar. For
mat rasults, the cqter should have ● rnth co-
mocesaor chip (6087, 602B70 ●tc.) inatslledg or
-cution times will be imrdinatoly long. On ●

:qtor vitb ● coprocow~or, ●ach t~-ctep itera-
,ion takem 5-7 ●. Without the coprocoeaor, an
toration night take 2 minutce or mro. The Codo
s loaded amd axecuted ●utrntically fra tha in-
ut proc~eaor tiulom

Ow is written amd compiled in Kicrmoft
uick 6a.9iC. TIM codQ is designed to op9rate m

hattory-powered c~t~r euch aa tk Toshiba
1100+ or T1200 without ● printer. TM c~tor
nd G-1 c~icat~ through ● ●-rd M-232
ntarface. A printer io not uaod for two raamna.
irsc, ● print-r on the bridge would mam one mra
iom of equipment rcquiri~ protection. Becod ●

horc is ● printar on tk G-l tbt C- bo

md to record tbo ●ctual maeuremat dsta. In
ha unlikely went that both tho ●.R8L ad •.~
Bta ●rc loet, the printed record could be ueed
m mnually transcribing tho data.

A computor datahaaa packegc haa been dwel-
* to ●utmto data collection and -ta ●naly-
1s of spent-fu91 rnaaurrnnt data. Tha packag~
tclud~c ● mdulo (OLAY) that ie ueed with tl.w
lAHD-1/fork meamtrmnt eptem cm tk bri~e
m ● ●torag9 pool. OLAP collacts and ●rchives
its and perfom raal-tin data ●alysic. Tber8
w two edvmta8Ge to tht packa8e. Firet, with
m c~icatlons link bctmen ● cqtor and
m GRAND-1 ●loctronice unit, data u. procamed
Itrntically and ●ro convonimtly written to
~tabam Cllcs. This tlimirutaa tho need for hand
lcordln# tho data, Srmtly reduca transcription
‘ror~, ●nd ●hancsa data a-lyeie. By uail!l# ●o-
~bli~hod databaac files, tho data can ●leo bo
‘ocoesod by cmrcially ●vailable ●oftwara.

‘rademrk of Nantucket Corporation.

The second ●dvantage is the ability to ana-
lyze data as it is being collected in the diffi-

cult environment of a s~nt-fuel storage basin.
The impact of such meaaurmnts on a facility ie
great, and tuore ie significant preesure by che
operator to uke the measure~nts ●s quickly as

poesible. Equipment is generally remved from
the pool ●t the conclusion of the measurements.
Under those conditions, -aaurement errors are
distinctly poaaible. Such ●rrora are either au~-
pacted duri~ detailed data analysis that would
be done after th- user leavee the facility or,
potentially, the errors are not discovered at
411. In cithar case, there would be unanswerable
questions ●bout outliert. It ia difficult to re-
turn to the facility for ●dditional maasuremcnts
once the ●quipmnt hae been rrnwud. Idith the
Om-lino data amalyeie, outliers ●re imdiately
id~ntifhd so that additional naaurementa can be
rndt whila the cquipeut is inetalled ●t the
facility.
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